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NOTICE 
This  report  was prepared as an account of oovernment-sponsored 
work. Neither the United States,  'nor the National Aeronautics 
and Space Admini8tratiOn (NASA), nor any person acting on behalf 
of NASA: 

a. 
: ' '  

Makes any warranty o r  representation expressed o r  implied 
with respect t o  the accuracy, completeness, o r  usefulness 
o f  the information contained I n  t h i s  report ,  o r  that the 
use of any information, apparatus, method, o r  process 
disclosed i n  this report may not in f r inge  privately-owned 
r ights  

o r  

b. Assumes any l l a b i l i t i e s  with respect t o  the use of, o r  fo r  
damages resu l t ing  from the use of any information, apparatub, 
method, o r  proceas disolosed i n  t h i s  report. 
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ABSTRACT 

Work on the mechanical assembly was concentrated OA the  improve- 
ment of $he bond from the spring8 t o  'the pendulum supports and 
on evaluit ion of non-metallic s t e r i l i z a b l e  materials selected 
from JPL Spec, WR500304. 

Acceleroieter M-225 was provided wi th  Scotchcast EC-2258 i n  the 
spring jo in ts .  
Failure of Formex insulated magnet wire i n  the torquer c o i l  
required rebuilding g f  the accelerometer. 

1111 

* 

The experimentation program was not completed, 1,lI 

. 
Non-metallic materials under Investigation, besides Fonnex 
insulation, were Epon 828 2, Myetik tapes 7352 and 7300 and 
Kynar shrinkable tubing. 

F i r s t  attempts a t  laser welding on the pendulum assembly, 
however .not on the spring: joints ,  were made. 

-- - _ _  

Emphasis was placed on the pickoff e lectronics  i n  the area of 
the bridge pickoff transformer, A study was conducted i n  the 
area of transformer parts such as core-tapes, wire, eto,, t o  
insure proper operatian after-temperaturci s t e r i l i z a t i o n ,  

Discrete components Intended for use i n  the f inal  e l e c t r o n h  
. assemblies were selected, using 3PL approved parts where possible 

o r  a t  the very mlnimum manufacturer equivalent par t s ,  A 
complete Design Review of the electronic  subassembly was con- 
ducted 'and i s  presented in t h i s  report ,  

I - 1  
. ?  * I  

. .  
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I MECHANZCAL ASSEMBLY I 
The main purpose of the Investigation i s  twofold; first, 
t o  reduce the adverse e f f ec t s  of temperature s t e r i l i z a t i o n  
on tke bias a t a b i l i t y  of the accelerometer, Second, t o  
avoid the appearance of the white opaque granular deposit 
I n  t h e  alrgap of the accelerometer, a deposit, which has 
been observed on the two accelerometers so far submitted 
to. the temperature s t e r i l l k a t i o n  environment of 275'P f o r  
360 hours . 

I 

- _  

I I 

t 

The mcin cause fo r  the deter iorat ion of the bias s t a b i l i t y  
i s  seen i n  the e f fec ts  of temperature s t e r i l i z a t i o n  on the 
jo in t s  from the spring tabs t o  the pendulum supports. I n  
standard Model V I 1  accelerometers, the EA-4 epoxy is used 
i n  the said jo in ts .  These accelerometers show considerable 
deter lorat ion of bias s t a b i l i t y  after being submitted t o  a 
temperature environment far l e s s  severe than that of 
temperature s t e r i l i za t ion ,  It is f e l t  that  the Ablecast 
147-1 epoxy, which was evaluated during the previous 
quarter ly  report  period, represents an improvement over 
the LCA-4 epoxy; it does, however, no t  meet the s t a b i l i t y  * 
requirements of t h i s  program. For t h i s  reason, the search 
f o r  a be t t e r  adhesive has been continued during the present 
report  period. This search, described i n  Section 1.1, s t i l l  
involves two phases: pre-evaluation of epoxies by shear 
t e s t ,  and evaluation i n  a functional accelerometer. F i r s t  
experiments with laser  weldlng as an a l t e rna te  approach 
t o  perfecting the said j o i n t  have been made i n  the pendulum- 
support-to-coil form area. 
1.3 of t h i s  report. 

They are  described i n  Section 

The ac tua l  source of the white opaque granular deposit i n  
the alrgap has not been de f in i t e ly  ident i f ied ,  The FFA-2 
epoxy used i n  standard accelerometers to make the torquer 
c o i l s  i s  s t i l l  the prime auspect among the other  non- 
metall ic components. 
having be t t e r  chanoes t o  withstand temperature s t e r i l l z a t l o n  

RephC€m?nt8 for non-metalllo materials 
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- - have been selected for experimentation. It is f e l t  t o  be 
important t h a t ' a l l  of these materials should be applied 
i n  an accelerometer during an experiment intended to  
demonitrate t ha t  the wNte opaque granul'ar deposit has 

The experiment is performed on accelero- 
meter M-225 and combined w i t h  the evaluation of the bonding 
material i n  the spr ing t o  support j o i n t s  performed i n  t h i s  
un i t .  '. One of the aubstl tute materials, namely, Kynar 
shrinkable tubing, has been experimented on separately as 
reported i n  Section 102.4. I 

1.1 Adhesive Spring-to-Support Bond 

. a  been eliminated. 

1.1.1 Shear Tests 

The hardware used and methods of evaluation 
applied have been described i n  Section 1.1.2 

a 

. 
* 

of the previous quarter ly  technical report .  

Following u p  on a recommendation by Emerson 
and Cumminga, four t e s t  specimens were made With 
the 2850 ET/11 epoxy as a backup for the 
Scotchweld EC-2258 epoxy i n  case of an early 
failure of t h i s  epoxy. 

I n  addition, four test  specimens were made with 
the LCA-k/BA-g epoxy which is currently used i n  
standard Mode1 VIS accelerometera. The purpose 
here is t o  supply reference data. 

. Two of each type of tes t  specimens were exposed 
t o  a temperature of 275OP fo r  360 hours and then 
submit ted t o  shear test, together w i t h  the 
samples that had not been s t e r i l i z e d ,  

The resu l t s  of the shear t e s t s  are l i s t e d  i n  
Table I, Page 5. These r e s u l t s  may be compared 
with these obtained w i t h  Bondmaster Bo-120 D, 



a 
b 

$*  * 
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* Ablecast 147-1 and Scotchweld EC-2258, a l l  l i s t e d  in .  
Table I, Page 7 of the previous quarter ly  technical 
progress report. 
hpoxy can .be considered average before temperature 
a t e r i l i za t ion ,  After temperature s t e r i l i z a t i o n  i t  
re ta ins  only 30$ of i t s  i n i t i a l  rupture s t r e s s ,  The 

* L  rupture stress of the EA-4, which i s  reduced by about 
!30$ through temperature s t e r i l i za t ion ,  I s  considered 

The rupture s t r e s s  of the  2850 pT/11 
. 

- to  be more on the high side both before and after 
: 

temperature s t e r i l i z a t i o n  , 

I n  all.specimens of the 2850 FT/11 epoxy,' i t  .was found 
that separation occurred e i the r  on the aluminum surfaue 
o r  on the Berylco 25 surface, b u t  not parallel t o  these 
surfaces through the bonding material. 
the case i n  the LCA-4/BA-9 specimens after temperature 
s t e r i l i z a t i o n ,  Before temperature s t e r i l i z a t i o n  shear- 
ing i n  the LCA-4/BA-9 specimens took place mainly i n  
the epoxy layer. The c r i t e r ion  of the percentage of  
adhesive remaining attached to  the Berylco 25 material  
does not apply here. 
age is  again indicated, 
MA-4 epoxy before temperature s t e r i l i z a t i o n  may i n  
part  explain the success with which th i s  material has 
been used I n  standard accelerometers not required t o  - 
meet the temperature s t e r i l i z a t i o n  environment. 

. 

T h i s  was a180 

I n  a l l  other  cases, t h i s  percent- 
The special  behavior of the 

- 

A s  mentioned i n  the previous quarterly technical report, 
the open ends of the s l o t s  of the aluminum parts were 
found widened by about .010 inch a f t e r  shear t e s t  i n  &e 
samples made wi th  the EC-2258 epoxy. Nothing similar 
was observed on occasion of the tests performed on the 
2850 pT/11 and LCA-4/BA-9 ,epoxies. 
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1.1.2 EC-2258 Epoxy i n  Functional Accelerometer 
As a resu l t  of the pre-evaluation of adhesives 
described I n  d e t a i l  i n  Section 1.1 of  the 

adhesive Scotchweld EC-2258 (also referred t o  as 
PA-2258) was chosen as the material t o  be next 
investigated i n  appl icat ion t o  the bond f r o m  the 

4 . previous quar te r ly  technical report ,  the 
. *  

a .  
* .  spring tabs t o  the support of  a functional 
rr accelerometer. Unit M-225 was accordingly 

* 

. - r e b u i l t .  Some d i f f i c u l t i e s  were encountered 
during the process. The first attempt t o  pro- 
duce the jo in t s  fa i led.  The l iqu id  tension of 
the epoxy had pul led the spring tabs t o  one 
.side i n  the s lo t s .  T N s  condition was detected 
before the  epoxy was fully cured and it  was 
possible  t o  remove the epoxy mechanically w l t h -  
out damaging the pendulum aupports. The opera- 
t ion  was repeated while precautions were taken 
t o  avoid def lect ion of the spring tabs. These 
e f fo r t s  were s u c c e s s a l .  However, a f t e r  the 
c u r i n g  of the EC-2258 epoxy, the torquer c o i l  
was par t ly  shorted out  a8 indicated by a change 
of resistance from 14 ohms before curing t o  about 
6 ohms a f t e r  curing. 
failed were 'insulated w i . t h  Formex. For reference 
see section 1:2.1 of this report) .  The ac6elepoc 
meter had t o  be r ebu i l t  and the established 
technique f o r  the appl icat ion of the EC-2258 

* 

(The windings that  had 

epoxy again proved successful. 
Y 

After going through the standard preliminary 
t e s t s ,  accelerometer M-225 was submitted t o  two 
temperature runs and to  a complete s'erles of  
f l ip-f lop eoaks . 
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D u r i n g  each temperature run, reference values 
were established a t  room temperature; then the 
instrument was heated up to  about 125'F and 
allowed to  s t a b i l i z e  a t  t h i a  temperature f o r  
about 5 hours. 
taken a t  room temperature, af ter  s tab i l iza t ion .  
The resu l t s  are l is ted In Table 11. . 

Return point readings were 
. 

. *  

TABLE 11. 
r 

VARIATION OF BIAS WITH TEMPERATURE IN UNIT M-225 

TEMPERATURE OF 

75 

SLOPE, ,ugp F 
I I'd 

CONDITION 

S t a r t  

BIAS, jug 

-286 , 
a . -4.13 

High 

Return 

127 -501 

-476 
- 7.47 

73.4 * 

'., 

73.5 S t a r t  -473 
\ ! I 1  - .77 

High- . 125,5 - 513 
72.8 R e t u r n  ' -345 

I 
1 0 1  For the in te rva ls  from start t o  high and from 

high t o  return the average change of bias with 
temperature has been computed, The resul t ing 
slope values are entered i n  the r i g h t  hand 
column of Table 11. It w i l l  be  noticed that 
these slope values vary heavily, which f a c t  
is found to  be due t o  the rather large spread 

' .. 

of bias values  a t  room temperature; the bias 
repeatabi l i ty  a t  the elevated temperature 
is qui te  good. 
per OF is oonsidered good performanae. * 

The average slope of -2.14 ug -2_ 

- - a 
d H c 

a r: Y 
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The procedure involved i n  the f l ip-f lop soak 
tests has been described i n  section 1.2.1 of 
the previous quar te r ly  technical report . As 
stated,  these t e s t s  a r e  applied before and a f t e r  
temperature s t e r i l i z a t i o n  t o  determine the ef fec t  
o f  temperature s t e r l l l z a t l o n  on the n u l l  a t a b l l l t  
of  the accelerometer. 
ported on below are those performed p r io r  t o  the 

contained i n  Table 111. 

The f l ip-f lop ioaks re-  

. temperature s t e r i l i z a t i o n ,  The results are 
I 

TABLE 111.. 

ISIP-FLOP SOAK TEST RESULTS 

Before the first llFllp" soak 
After the first t'Flip'' soak 
After the f i rs t  "Flop" soak 
After the second "Flip" soak 
After the second "Flop" soak 
After the th i rd  llFlip" soak 
After the th i rd  ''Flop" soak 

BIAS IN ue; , 

.. 
-351 
-591 
-407 
-487 
-157 
-449 
-203 

The'above listed bias values are entered i n  the 
graph page 9. The l i n e  connecting the points  
emerges, as  expected, as a saw-tooth diagram. 
This diagram may be compared to  that obtained 
with the Ablecast 147-1 epoxy; the la t ter  may be 
found on page 16 of the previous quar te r ly  

- . technical report;  The corresponding p a r t  of t h i s  
graph I s  designated a8 " M r s t  Ser ies  of Flip-FloF 
Soaks"'- (November 1966) Besides showing a 
broader bandwidth, the saw-tooth diagram obtained 
w i t h  the EC-2258 epoxy appears more I r regular  
than that obtained with the Ablecast 147-1 
epoxy. 

., 

The final evaluation of the  EC-2258 
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I 

epoxy kill depend upon whether o r  not the 
bandwidth increases and eventually how much It 
increases a f t e r  temperature s t e r i l i z a t i o n .  The 

the next quarterly reporting period, 
. corresponding experimentation is planned for . .  

1.2 Balance of Non-Metallic Materials 
b 

' 

' h e  main work i n  the area of non-metallic materials 
-concerns the replacement of  questionable o r  obJectIona1 

materials by materials l i s t e d  I n  JPL Spec. WR500304. 
T h i s  work has not progressed i n  a l l  areas  as expecteU 
because It is t i ed  i n  k t h  the experimentation per- 
formed on accelerometer M-225 and t h i s  experimental 

. 

program suffered a set-back. Some progress was made 
where the investigation was carr ied out on separate 
subassemblies. The corresponding s i tua t ion  will be 
stated i n  each of the subsequent sections, 

102.1 

4 '  

5 . -, 
a .  

Formex (GE) Insulated Magnet Wire 

As projected i n  the previous quarterly technical 
report  (see section 2.2, page 21, under the 
heading "Isonel Wire Type 155"), the pendulum 
of accelerometer M-225 was supplied with a 
torquer co i l  wound w i t h  Formex Insulated magnet 
wire i n  replabement of the formerly used heavy 
Isonel type 155 magnet wire, The l a t t e r  I s  
ra ted a t  135OC by the manufacturer, which is 
marginal 

For the cure of the epoxy used t o  connect the . 
spring tabs  t o  the pendulum supports, the 
Scotchweld EC-2258, one hour  a t  35OoF I s  
recommended by the manufacturer. The e n t i r e  
pendulum subassembly is subjected t o  this . 

environment. After t h i s  cure, the torquer coil 
winding was found t o  be p a r t l y  shorted o u t  a s  
already reported. The resistance had dropped 

I ' I  
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from 14 ohms t o  6 ohms. 
t o  r e b u i l d  the pendulum assembly with heavy 
Isonel type 200 magnet wire which i s  rated a t  
185'~ by the manufacturer.. . 

Because a c o i l  form w i t h  outer r i m  i s  used, the 
pendulum supports had t o  be removed f o r  rewinding 
of the coi l ;  they were replaced by new parts. 
The pendulum assembly was rebu i l t  with Scotchweld 
EC-2258 which again was cured fo r  1 (one) hour: 

noticed. The accelerometer was then reassembled 
.and i t  performed normally I n  t e s t .  

It was then decided 

* a t  35OoF. T h i s  time no adverse e f f e c t s  were 

1.2.2 Epon 828 2 Epoxy 

.. 

Effor t s  are underway to  replace the Epon 828 D 
epoxy by the Epon 828 2 epoxy which i s  l i s t e d  as 
one of the preferred non-metallic materials i n  
JPL Spec. WR-500304, 
f o r  two purposes in standard Model VI1 accelero- 
meters; first, to  a t tach  the Diamonite spr- 
insulators t o  the base p l a t e  and t o  the spring 
clamps; second, t o  bond the flux path p la tes  
t o  the tops of the mgnets. 

The Epon 828 D i s  used 

During the l a t e s t  rebuilding of  accelerometer t I o  

M-225, the Epon 828 2 has been accordingly used. 
A curing cycle of  two hours a t  2OO0P followed by 
two hours a t  275OF was applied. 

Because the  accelerometer M-225 has not been 
subjected t o  temperature s t e r i l i z a t i o n  a f t e r  
t h i s  rebullding, no de f in i t e  conoluslon has yet  , 
been reached. However, it can be s ta ted  that no 
d i f f i c u l t i e s  were encountered during the rebulld- 
ing stage. 
that the epoxy bond withstood the grinding 

It appears especial ly  s ignif icant ,  

I 

.- 
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operation performed on. the Diamonite insulators  , - As pointed out on page 17 of the first quarter ly  
\ technical report, this grinding operation pro- 

duces the heaviest  s t r e s s  that this bond has t o  . 
. *  w i  ths tand . 

As shown by the temperature runs mentioned i n  

of the accelerometer i n  the environment of 

been impaired by the change to' Epon 828 2.. The 
e f fec t s  of temperature s t e r i l i z a t i o n  are t o  be 

, evaluated during the next quarter ly  reporting 
.period. 

. section 1.1.2 of t h i s  report ,  the bigs s t a b i l i t y  * e  

41*r 
.. changing temperatures does not appear to  have 

* *  

Apart of the e f f o r t s  t o  replace the Epon 828 D 
by Epon 828 2, experiments were conducted to  
replace the Tuf-on used to-cover the bare magnet 
surfaces by Epon 828 2, 
c u l t i e s  encountered i n  the experimentation w i t h  

assemblies were set  aside f o r  the t e s t s  involved, 

Because of the diffi- 

accelerometer 1-1-225, two separate magnet ..* ., 

A th in  film of 828 Z was applied t o  the bare 
magnet surfaces and cured u s i n g  the cycle 
described above. The magnet assemblies were the1 

subjected to a temperature s t e r i l i z a t i o n  cycle 
of 360'hours a t  275OP. Upon removal from the 
oven, the f i l m  of Epon 828 2 was found to  be 
discolored to  a brownish hue, however, it did 
not show any tendency t o  separate from the 
magnet surfaces. 
these surfaces, . the epoxy had been c l ea r  and It 
was then hard to  see if a l l  bare areas were 
covered. The discoloration showed that t h i s  was 
not the case; some patches had remained bare, 
It appears that a material  with a be t t e r  wetting 

When or ig ina l ly  applied to 



action would be preferable to  the  Epon 828 2, 
As long as suoh a material has not been identl-  
f ied,  i t  is planned t o  apply the Epon 828 2 if 
the magnet surfaoes of the dellverable . . 

. *  accelerometershowpinholes o r  cracks. A s  
.* . 

.. . 

-* .. 

pointed o u t  I n  section 2.2 of the previous 
quarterly report  under the heading "Tuf-on 
747-S", the magnets of accelerometer. M-225 did 
not show such defects and their  surfaces were 
l e f t  bare. 

Tapes 

G 

'During the previous quarter ly  reporting period 
two types of tape were under evaluation, namely 
the Mystik tape 7352 as a replacement fo r  the 
3M #5 e l e c t r i c a l  tape and the Mystlk tape 
7300 as a replacement f o r  the 3 M  #55 e l e c t r i c a l  
tape. Both of the Mystlk tapes are l is ted a8 
preferred non-metallic materials In JPL Spec, 

8 

WR-500304 , 

As stated i n  section 3, page 22 of the previous 
quarter ly  technical report, these t e s t s  were not 
considered conclusive and repe t i t ion  of the 
t e s t s  was planned fo r  the present quarterly 
reporting perlod, Accelerometer M-225 was 
accordingly r ebu i l t  with both of the types of 
Mystik tape applied. 

- 1  
L v - Due t o  the setback I n  the rebuilding program of 

accelerometer M-225 reported above, th i s  u n i t  
has not yet been subJected to  temperature 
s t e r i l i z a t i o n  a f t e r  I ts  l a t e s t  rebui ld ing .  Final 
resu l t8  are, however, expeoted ear ly  in the next 
quarterly reporting period, 
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1.2.4 

d 

. *  

. 

. 

.. 

Kynar  T u b i q  
I n  standard Model V I 1  accelerometers, Rayclad 
RNF-100 heat shrinkable tubing i s  used t o  
relieve s t resses  i n  the capacitance.leads where 
they connect t o  the capacitance rings. The leadE 
a re  soldered i n t o  small brass tubes protruding 
from the capacitance rings. The i so la t ion  on 
the leads b u t t s  up against  the tubes. A shor t  
piece of tubing i s  shrunk over the brass tubes 
and the adjacent p a r t  of the capacitance lead. 
insulation. 

. 

I 

An experiment was .conducted t o  replace the 
.RNF-100 t u b i n g  by Rayclad K y n a r  shrinkable 
t u b i n g  which i s  l i s t e d  i n  JPL Spec, 500304 
as a preferred non-metallic material. Because 
o f  the d i f f i c u l t i e s  encountered w i t h  the 
rebuilding of accelerometer M-225, it  was 
decided t o  conduct t h i s  experiment on a separate 
magnet housing containing a capacitance ring. 
The shrinking of the Kynar t u b i n g  .required a 
s l igh t ly  higher temperature than that cur ren t ly  
applied t o  the RNF-100 t u b i n g ,  b u t  no basic 
d i f f i c u l t i e s  were encountered. The magnet 
housing was ' subjected t o  a temperature o f  275'F 
f o r  360 hours'. Inspection then showed the K y n a r  
tubing t o  be completely unchanged. 
suggested t o  apply this  material  i n  the deliver.; 
able accelerometer. 

It i s  

. I  

' 1.3 Laser Welding 

For reference see Bel l  Report Number 60002-440-1, 
Supplement Number 1 "Proposal for  Design of  a S t e r l l l z -  
able  Accelrometer", Appendix 2, Page 13. 

The u l t i m a t e  goal of the appl icat ion of l a se r  welding 
i n  the development of 8 s t e r i l i z a b l e  accelerometer'ls 
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. the bonding of the spring tabs t o  the supports, 
This contract  provides only f o r  preliminary 
investlgatlons.  

As a first s tep  i n  gaining experience with the 
technique Involved, some laser welding was performed 
a t  the Marshall Space Fl ight  Center on a l u m l m m  parts. 
*hese parts, namely the pendulum c o i l  form and the 

5. pendulum supports, were chosen because the welding 
could be performed with avai lable  f ixtur ing.  
more, the-elimination of an epoxy bond was kept i n  
mind . 

.I 

. *  

Further- 

Each pendulum support i s  provided w i t h  .two prongs 
that a re  riveted In to  holes i n  the coilform. I n  
standard Model V I 1  accelerometers the connection 
between the coilform and each support i s  reinforced 
by epoxy applied t o  the seams a t  the junction of the 
supports and the coilform. This epoxy was not applied 
I n  the samples Intended f o r  the experimentation w i t h  
l a s e r  welding, Instead, spot welding was performed 
on both sides of each support  where the supports and 
the coilform come together. The subassembly 
consisting of the coilform and the r iveted supports 
was placed on an arbor otherwise used fo r  c o i l  winding. 
On t h i s  arbor, the coilform i s  held i n  place between 
a shoulder on the a rbor  and a button tightened by a 
screw. The arbor carrying the pendulum subassembly 

,: was placed on a V-block i n  the posi t ion indicated in 
flgure lM, The laser beam was aimed as shown f o r  
welding o f  the first s e t  o f  spots. The remaining 
weld spots were obtained by turning the arbor i n  the 
appropriate posit ions i n  which the arrows indicat ing 
the posi t ion of the weld spots i n  f igure lM were 
aligned with the laser beam, I n  f igure 3M the button 
and the screw securing the pendulum subassembly are 
not  shown. 

e 
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Before experimenting w i t h  welding on the pendulum 
subassemblies, a schedule was established t o  b u t t  weld 
aluminum sheet of a thickness of ,020" which comes 
Glose t o  the thickness of the coilform which i s  ,Olg" 
and t o  that of  the supports which measure about  ,016" 
i n  thickness. The type of aluminum a l loy  used has 
propert ies  close t o  those of  the aluminum a l loy  3003 
which i s  used t o  make the supports, 

The schedule giving bes t  r e s u l t s  was as follows: a 
pulse time of 5 m i l l 1  seconds, a weld diameter of ..020 
€rich. The voltage was varied between 1475 and 1550 
volts..  The laser  welder . I s  of the type Westlnghouse 
LMT-21 1 1 1 1  

. 

c. 

- 4  

-1 

The above schedule was applied to  the junction of the 
. supports t o  the coilform. It was observed that the 

weld qua l i ty  looked good where the two parts to be 
welded came i n  d i rec t  contact with one another at the 
point t o  be welded, 
bridged, b u t  gaps o f  a few thousands o f  an inch very 
much reduced the qua l i ty  of the weld. I n  case of large 
gaps, the two par t s  d id  not connect, These observation 
ind ica te  the need for  a design change i f  it should be 
decided t o  apply l a se r  welding t o  the pendulum subassem 
bly, A t  present, the supports a r e  punched out of flat1 
stock; on one side the edges are sharp, on the o ther  
side they are rounded of f  , The shoulders adjacent Co 
the  c o i l  form would have t o  be machined i n  a manner 
maMng both edges sharp f o r  proper l a se r  welding, 

Very small gaps s t i l l  could be 

A fur ther  observation made concerns the impact of  
the l a se r  beam on the p a r t s  to  be welded; this  impact 
i s  f e l t  t o  be quite appreciable, which would be an 
important factor i n  the l a s e r  welding of the spring 
tabs 

- 
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- Before being able t o  conclude def in i te ly  on the appli-  
cab i l i t y  of laser  welding to  the Joining of the spring 
tabs t o  the pendulum supports i n  functional accelero- 
meters, extensive f lx tur ing  and experimenting exceeding 
the scope o f  t h i a  contract  would have to  be performed. 
The f ix tur lng  would have t o  a l low alignment of the 
spr ing  tabs wi th  the mating parts o f  the peGdulum 
supports leaving a gap of  only f rac t ions  of a thousands 

"'of an inch. I n  addition, provisions would have t o  be 
made t o  support  the spring tabs i n  dlrect ion o f  the 
sens i t ive  axis to  prevent damage to  the working area 

' . 

* 4  

through the impact of  the l a se r  beams on .the spring tabs 

protecting the spring working area against  adverse 
e f fec ts  of  the welding heat would have t o  be lnvestl- 

. The need for heat sinks applied to  the spring tabs, 

. gated. 
b 

. 

a 
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. .  

2.3 ELECTRONIC ASSEMBLY REVIEW 

2 . 1 ~ Design Review (Introduc t lon)  , .  
T h i s  pre-production design report  i s  submitted t o  J e t  
Propulsion Laboratory t o  furnish a description o f  
the Bel l  design proposed t o  meet the requixements of 

* TJPL S te r i l i za t ion  Contract #951492. 
I-.. 

Where possible, it has been attempted t o  f u l f i l l  the 
requirements f o r  t h i s  design. However, due t o  the 
f a c t  that the program i s  present ly  i n  only the pre- 
produ'ction stage, very l i t t l e  t e s t  data, etc .  is 
avai lable  f o r  inclusion w i t h  the  report .  

Since the JPL S te r i l i zab le  Model ~11~3.16 accelerometer 
(Par t  No. 26-01290-1.) i s  bas ica l ly  an adaptation of 
the standard Model V I 1  accelerometer, this design " * '  

report  mainly covers the a reas  which required re- 
design i n  order t o  meet JPL Ste r i l i za t ion  Requirements 

. ,  

I . 

.. 

I 

I 
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2*1,1 Electronic Design 

I 

i i  

The gre-amplifier fo r  the Model V I I B - ~ ~  aaceler- 

ments of JPL Specification. 
includes the pickoff transformer as 'wel l  as 
the pre-amplifier. The complete elgktronlc 
subassembly w i l l  be re fer red  t o  as the  bonnet, 
This connotation I s  Bell  nomenclature which I s  

d . ometer has been're-designed to  meet the require- 
The re-design . *  

. 
* &  

I .a, .. 
..., " ~ 

. 
a carry-over from other  similar programs, 

The bonnet consis ts  of the  following: the 

transformer and the preamplifier. These 
components a re  housed between two pr inted 
c i r c u i t  boards which are physically anchored to  

' upper half f ixed  bridge capacitors, the plckoff 

the upper cover, -- 

When attached t o  the accelerometer, the speci- 
f ica t ion  can be evaluated on a black box 
approach which includes the following parametera 

Input Impedance: -?8.OK Ohm o r  - 

Pickoff Sens i t iv i ty  

Phase Angle: 90' &loo head19 w i t h  header 

Maximum Power Consumption: < 125 Watts 

. 

grea ter  

. (output sens i t iv i ty) :  40 *5 mv,/mr. 

p in  "H down 

L. Noise: . (1.0 mv 
. 1  

b O u t p u t  Impedance: (500 ohms 
Quadrature : (1 mv. 

The design as described i n  the succeeding 
sections I s  based on meeting the.requlrernent8 
of JPL Specification #951492. 

.. 
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? .  . .  . 2.1.2 Balanced Bridge Ci rcu i t  

. 
. 4  

The balanced bridge c i r c u i t  consists of two 
discrete components ( f ixed capacitors) i n  the 
upper arm of the capacitance bridge. 
lower half consis ts  of two mechanical type 
capacitance rings spaced equidistant from the 
pendulum assembly which a c t s  a s  the center 
ro tor  of a variable d i f f e r e n t i a l  capacitor, 
Deflection of the pendulum assembly causes an 
unbalance i n  the capacitive bridge, and an . 
er ror  voltage is developed acrosa points A and 
B. (See Figure 1 ~ )  This  voltage is amplified 
by the preamplifier which will be discussed 

The 
, 

-, l a t e r  In this text. 

. 

Care m u s t  be used and taken i n  the design of 
the pickoff c i rcu i t ry ,  i n  that  stray capaci t ies  
cause undesirable and unpredictable e f f ec t s ,  
The design tends to  minimize stray capacity 
e f fec ts ,  wherever possible ,  I n  areas where 
s t rays  are present symmetry i s  8treSSed. 

.Capacitors (fixed) are chosen which have V e r y  

olose tracking character is t ios ,  par t icu lar ly  
i n  temperature coeff ic ients .  (See mgure u) 

I 

9 -  

. .  
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2.103 Pickoff Transformer 

The transformer is designed to pick off the emr 

signal from the  balanced bridge c i m u l t  and couple 

, 

e 

it in to  the  preamplifier. Unlike most audio frequemy 

. transformers, t h e  stray capacitiea have a heavy In: 

fluence on 'the perfonnance of the balanced bridge 
- 6  

+.,. 
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, c i rcu i t ,  t h i s  transformer requires shielding on both 

* primary and secondary. Operating the transformer a t  

resonance a l so  makes s t r a y  capaci t ies  from primary t o  

- -z \ secon&ry a problem; here again the shield tends t o  

eliminate t h i s  condition. It can be ahoun that t h e  

a capacitiea which ex is t  between primary and shield f a l l  

across t he  t o p  half of the  balanced bridge. T h i s  l a  

done purposely i n  that these atray contrlbutiona can 

be more n a d i l y  handled i n  the  bonnet assembly. They 

a lso  reduce the  generator driving eource Impedance. The 

capacit ies which ex is t  between primary and aecondary 

ahield f a l l  across the  drivlng generator, and i n  no 

way influence bonnet perfonnance; it does, however, 

influence input impsdame: 

I 

CB - Equivalent capacit ies of the balarrced bridge. 

Cpa - Capacities which ex i s t  between primary and 

secondary shield, 

N 

where CB 22 p i  

N Cps - 70 p i  
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There s t i l l  e x i s t i  two capacIt&as ulrreh falx acroa8 the 

becondary of t h e  transformr. These capacit ies do 

influedce performance In that' the reflected capatvltlea 

as seen on the primary aides of the t r a n a f o m r  are 

reflected by the r ec ipmca lo f  the. turns r a t i o  aquared 

of the transformer, however they do not influeme bridge 

unbalance , 
, . -  

'I Capacitance, on the secondam as seen i n  the D r i m a r y  c i r cu i t  

r ~ & r y  refl6cteci =,Capacitanoe.isecondqry I x 7 -:' - "  a - - - b _ -  - - ' ,  
--. * _I - - 

uhem N - 2.0 
I 

N2 - 4.0 > 

Assume a capacity of 100 pf acroas the koondarg, 
$ 100 f Capacitance reflected -2 - 25 pi. 

I ., 

-_ 
---As evidenced above, the capacity changes i n  ths seeondarp * 

c i r cu i t ry  have some effect. In c i rcu i t  performance, par- 

ticularly the resonant frequency of the bridge tramformer. 

Parameters which Influence the resonant fmquency of the 

t ranaformr arex 
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.) primary of the transformer, the distributed capacity 
. *  across the prlmaryof the transfcrrmer (due to  winding) 
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and the stray capacities which appear acma8 the 
, 

s 
primary, As shown before, the secondary capacities 

- 4  
9 

have algniflcant effect, however, by adjusting the 
* - -  

. secondary capacity via a fixed value Capacitor, 8 

fine tune on resonance can be aocompllehed. 

Fr - 192.0 KC 

L - 12 mho 
L 

Cap, ~ = i d g e  15 pf 

Dlatrlbuttd Cap, "= 20 pf 

Where C = (Bridge capacity + Dlstrlbuted + Reilsoted) 

C 68-55 x IO-& - 5.n x \lo== 
32 x 10.3 henrya 
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Ir Sinco the equivalent bridge capaoity = 22 p i ,  

and the  distributed primary capaaity - U pi, A* . . 
. *  

\ The t o t a l  tuna capacity available from the combin- . 

at ion of fixed and distributed = 35 pf, . 
‘,A8 shown above a minimum of 57 pf is required t o  tu& . 

. -” t o  192 KC, The additional tuna capacity is ineerted 

‘ i n  the c i r c u i t  (as a selected Item) t o  tune t he  primary 

t o  192 KC; t h i a  capacity is nominally 50 pf, 

It should be pointed out t h a t  the c i rcui t  I s  designed 

such tha t  it always requires a secondary capacitor In 

- 
0 

b 

order t o  tune t o  resonance 192 KC, 

\ - 
Figures ?E through/!UE show typical  construction of the  

plckoff transformere 
- --- -_ __ _ \ -  - -.-_-- -.I c 

I 

b .. 

. , .  

:. 
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Another unique feature of t h i s  par t icu lar  transformer 
design I s  i t s  center tap primary. The center  tap is 

dincorporated to  accommodate a single bleeder r e s i s t o r  
:rather than a bleeder r e s i s t o r  from each capacitance 
. r ing  to  ground. ' A study was conducted t o  determine 
the d i f f e ren t i a l  aging e f f ec t  of the two bleeder 

. r e s i s to r  design; i t  showed that bias could be a f fec ted  
bnder cer ta in  conditions of res is tance tracldng. 

the exci ta t ion frequency f o r  t h i s  program; It dig, 
however, show that the higher the frequency the lower 
the e f f ec t  on null bias.. 

' . 

e .  

The - . study wa$ conducted using frequencies much lower thanid, 
I 

Cleveland Operations R . ~ , ,  60007-028 

Because of t h i s  study, It was decided t o  incorporate 
a s ingle  bleeder r e s i s t o r  f r p m  a center  tapped'tran8- ' 

former t o  ground. See Figure 16 SCHEMATIC DIAGRAM. l I l  

T h i s  is added assurance the bias w i l l  not be a f fec ted  
because of the presence of  the bleeder r e s i s to r ,  

Potting Compound 
1 1  / I  

* -The po t t ing  compound selected t o  encapsulate the 
bridge pickoff transformer LsA IF STYCAST. 2850 FT uaga2ys 
#ll. 
costing res in  which w i l l  stand temperatures In  the 
range of 400°F and greater .  
Emerson and Cumrn ing~ ,~  

It i s  c lass i f ied  as a h i  Thermal conductivity 

The manufacturer'ls - 

The pot t ing compound appears on the JPL Spec, 
WR-500304, Titled,  Polymeric and Other Nonmetallic 
Materials, preferred Mariner Mars 69 Spacecraft, 
General Requirements for.  It does, however, appear 
with the ca ta lys t  #9 cal lout .  The manufacturer was 
contacted by phone i n  February 1967 i n  search of  
more detai led information on the 2850 py/R11, R2, R4, 
R5, as well as 2651 MM/11 which had previously been 
used to  encapsulate bridge transformers i n  house. A 

---__ 

. 
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comparative chart  I s  included In  th i s  report .  
Table I), along w i t h  complete manufacturers data 

:and Technical Bulletin #7-2-7A STYCAST 2850FT. Of 

(See 

@k@Ob@, VaaRni6sI JWlO@%$Ln #?=@*fOA BWQABT Beg- 
' . 

a l l  the parameters, the Die lec t r ic  Constant I s  of 
utmost importance, I n  that  as i t  goes up# so does the 

.capacitance d r i f t s  o f - t h e  bonnet go up, beiause of 
'any unsymmetrical s t r ay  capacitors I n  t h e  transformer 

* 4  

~ h, due to  potting. 
1 

'Care has-been taken t o  insure symmetry, both i n  the 
transrormer, as well as .the bonnet layout so It i s  

i s  high, the performance w i l l  not be signl.flcantly 
changed because of the symmetry Involved, as one s ide  
t o  ground o r  exci ta t ion hi ohanges, so will the o ther  

f e l t  even though the Dielectr ic  Constant of 2 2 5 0 a  
, 

change proportionally. .- 

I .  
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Basic Comksition 

Mix Preparation . ' 

Mixed Viscosity centipoips 

CURE TEMPERATURE 
Curing Shrinkage (ovekoge) inlin 

CURED PROPERTIES - ' 

TS tandard  Color (see Nolo 1.) 

f.' Flexibility 
1 ' Hardness Shore Duromekr  

5 SPECIFIC GRAVITY & 

YIELD STRENGTH psi 
Compressive, 0.2% offset 

Elastic Modulus psi 
Compressive 

Impact Strength (relatinllrod) 

5" SERViCE TEMPERATURE ' F  

[ Thermal Conductivity 
1 BTUlhr-sq ft-OFlin 

t.' Thermal Expansion inlin per " F  L.. 
Water Absorption % 14 hr8 

p i e l e c t r i c  Strength . voltslmil 

). Volume Resistivity ohm cm 
1. 
< Dielectric Dissipation 60 c 

Constant Factor 1 kc 

- _  prrr 

(see Note 2.) 

(tan 4 i 
L .  

Relative Cast 

TABLE I 

LOW EXPANSION 
High Thermal Conductivity 

STYCAST@ ' STYCAST@ 
2850-FT 2850-GT 

HlGHEST HIGH THERMAL k 

LOW SHRINK THERMAL SHOCK 
THERMAL K BEST RIGID 

TYPICAL 
PROPERTIES 

70,000 

R.T. or Eier. 
.oo 1 

--7. -.-, 
Black 

Rigid 

. 2.2 
D-94 

-* ..-. L 

16,500 

1.1 x 10' 

0.3 

390' 

10.7 

14 x 10.' 

0.1 5 

380 , 

'7- --w- 

s .. 
-- .-. -. 

1014 

6.5 0 0.02 
6.3 0 0.008 
5.9 0 0.02 

Low 

STYCAST@ 
2850-FT 

7-24'A 

-_ - 

TYPICAL 
PROPERTIES 

100,000 

R.T. or Elw. 
' .001 

--- ..-.- 
Black 

Rigid 
I 

0-95 

L. . 2.3 ' ., 

18,000 

1.3 x 101 

0.4 

390" 

' 10.2 

7 

- !  

14 x loJ 
6.i 5 

380 

.,-.,. 

---. ... 

1014 

5.5 0 0.02 
6.3 0 0.008 
i.9 0 0.02 

Low - - 
STYCAST@ 
2850-CT 

7-2-7 

GENERAL PURPOSE ' * 
ENCA PSULA NTS /' 

i7Y C A S7@ 
265 1 

LOW COST 
VERSATILE 
QPL 16923 

TYPICAL 
PROPERTIES' 

25,000 

R.T. or Elev. 
.002 

- 
Black 

Rigid 

1.55 ' 
D-88 

b-. 

16,000 

0.8 x 10' 

0.3 
-- - -- 

350" , 

4.3 

22 x 10-6 

0.1 

450 
10'5 

4.8 0 0.02 
4.6 0 0.01 
3.9 0 0.02 

Very law 

.. ...a 

~ . _. 

sTYcAst9' 
265 1 

- _  

STYCAST'* /' 

2651-MM 

LOW COST ; 
COQD FLOW 

Filled Epoxies 
. 

AddCat.9or 11 

TYPICAL 
PROPERTIES ' 

6000 * 

R.T. or Elev. 
.002 

Black *?- 

Rigid 

1.55 , 

--- 
0-89 

,-. 
15,500 

0 . 7 ~  10' 

0.25 

350' 

4.2 

- T  

22 x 10' 

0.1 

450 
1 OM 

4.6 0 0.02 
4.4 0 0.01 
3.7 0 0.02 

Very low 

... 
- . >  

t -  

I 

._  

265 1 -kM - -  --. 

i 
I - - 



DIELECTRIC MATERIALS DIVJSIOW 
CANTON, MASSACHVSgITI  

e :: TECHNICAL B U L L E T I N - 7 - 2 - 7 A  
b e 

.. .* STYCAST 2 6 5 0 F T  
- *  V e r s a t i l e  Epoxy  C a s t i n g  R e a h  w i t h  High  T h e r m a l  C o n d u c t l v i t y  

Stycast 2850FT is a highly filled epoxy formulation with remarkably good over-all general properties. Iqaddltton to 
having cxccllcnt electrical grade insulation properties Stycast 2850FT has unusually high thermal conductlvity and 
low thermal expansion. This combination of properties hna shown Stycaat 2850FT to be invaluable in  sdving probleme 

, where clcctrical insulatioi?-und mechanical protection muat be maintained while coping with heat transfer conslderatiolu. 

Stycast 285OFT is a highly versatile e p o q  resin system which may be cured with any one of three curing agents. me 
* I  I l i  choice of Catalyst should be made after reviewing your requirements with regard to the following guidelinea. ' ;I1 < 

c2 i i r '  CHOICE OF CURING AGENTS From the information supplied below select the Catalyst which beat suits your require- 
Y I ; ~ ' .  ments. 

< -; , CATALYST 24LV -- Room temperature curing -- 30 minutea pot life (1 lb. mass) -- loweat viscosity a d  beat handllng 

, 1 1 1 1  

. 
properties -- generally doea not r eqdre  vacuum deairing -- best thermal and mechanical shock -- not recommended 
for applications subjected to temperatures above 300°F -- will soften alightly above 25CPF -- beet adhesion. 

CATALYST 9 -- Room temperature curing--45 minutes pot life (1 lb. masa)--dighest vlscoeity but wIth modestly good 
handing properties--tough and rigid at all temperatures to 30OoF. 

CATALYST 11 -- Requirea oven cure--4 hour pot lIfe (10 lb. mass)--low viacosity with excellent handling propertie8 
--excellent thermal and mechanical shock--best electrical and pbsical properties at temperahuee above 250°F-- 

' l ' l i  
S'). 
8 8 .  , 
A & .  

_ _  - -  

.c can be used up to 4OO0F: ' .- 1 

. . . f - . r l  / ( . I *  >. . PROPERTIES (Approx.) ' : :'jy . (Stycast 2850FT cured with Catalyst 11) .l, ' ' '' Heat Distortion Point . 347%(17$C) 
\ Viscosity a t  25OC (catalyzed) 70,000 cps 'L Water Absorption (7 days) lees than 0.16% 

Specific Gravity 

Compressive Strength 

c . *  . Thermal Conductivity, BTU/f$/hr/'P/$:J 10.7 Volume ReSiBtiVity (ohm-cm) 77.F 5x1014 
2.2 ii - 302.P 1x1012 
8,400 psi - Dielectric Constant 1 kc approx. 6.3 

I 9. r t  

- I . !  ;; o l t c j . ,  
Tensile Strength 1 ,  

" '"' 16,500 pal Diasipation Factor, 1 kc ,,..,- below 0.01 
below 0.02 ';:I . 

9 

i i  
1 M c  , 

, . I , ,  , .. . 
' Flexural Strength . 13,300 psi ' ; ' 

;. >!, ' Flexural Modulus *:'+ 'I 2x108 psi Dielectric Strength (Volte/milf '?' ' 380 
I!*? '' Izod Impact (ft. lb./in. of notch) "'*I ' Machinability Poop-muet 1 "" * ' - 0.3 . 

j- .L Thermal Expansion Coefficient per O C  29x10'6 be g t d  

MSTRUCTIONS FOR USE: . .  
3.7- 

->;- General Instructions - 
time before removing material. Power mixing is preferhd. Mold Releaee 1228 wi l l  prevent adhesion to 
Where necessary entrapped air can be removed by vacuum deairing. 

Mix the entire contente of q e  shipping container to a uniform consistency each 2. 
ii!: C; : a  

:I' ;.*:. - 
( v:il- : ' 1. Add and thoroughly blend 6 1/2 to 7 1/2 parta Qf Catalyat 24LV by weight for each 100 parte by weight of 

1 -  

- . v .  . . If Using Catalyst 24LV < :1. 
I t  

Stycast 2850FT. Slight warming (10OOF) of the resin before catalyst addition will aid pouring and hasten bubble : ' t i  
. -  ' 

f i ' . , .  . release. 
2. Pour into mold. Allow to cure at room temperature (%OF) overnight or oven cure for 2 h a r e  at 15OoF. ti'!.a ' ' 1 '  " . .. 
If Using Catalyst 9 i!k- 
1. Add and thoroughly blend 3 to 4 parta Catalyst 9 by weight for each 100 parte by weight of Stycast 2850FT. 
Slight warming (100%) of the reain prior to adding catalyat will improve pourability. Small amounts (up to 10% 
by wcight) of Eccobond 55 (See Technical Bulletin 3-2-1) may be added b further lower rlecoeity with eome 
sacrifice in  propertiea. 
2. Pour into mold. Allow to cure at room temperature (7ffF) ovmdght or men cure for 2 h u e  at 15O'F. 
If Using Catalyst 1 1  
1. Add and thoroughly blend 4 to 5 parts by weight of Catalyei 11 for each 100 p a r b  by wetght of SQcast 2850FT. 

;'f ! 

1L.T I ' 
: I ) :  I!. t 

' 
> *  d '- 

* 

rr.{.* r' . Stycast 2850FT may be heated at MY temperature up to 1ekP before aw.t .ddltlm to lower view8itiy urd l i d  ' 
IC, , . I  pourability. , I  . 

/ 2. Pour into mold, Cure at aw of the following echedulee: 165%' for 16 houta W , ? l f P  f a r 2  h u e  or 261T' for 
1 hour. 

For optimum high temperature performance poet c u e  for 4 hour0 at 300' F. 



4 TECHNICAL BULLETIN 7-2-1 OA 
, '  SNCAST 2651 MM 

\\\I '1 

., low Viscosity General Purpose Epoxy .-  

Stycast 2651hIM is a low viscosity general purpose casting resin. I t  can also be used effectively as an impregnant 
in certain applicntions. When fully cured, Stycast 2651MM has a proximately the same ph sical and electrical prop- 
erties as Stycast 2651. It has, been introduced to cover those appEcations where improvez flowability is required. 
Instructions for catalyst addition, &andling and cure schedules are identical with those of Stycast 2651. 

* \$\I 1 

S cast 2651MM is used in a variety of electronic and electrical enca sulation applications. Color is normally 
bl'  ack ,% ut color coding is possible. By incorporation of Filler SC, it can % e used as a dip coat for components. 

As an indication of the low viscosity obtainable with the Stycast 2651MM-Catalyst 11 stem, data is presqted 

and 8 Parts Catalyst l l ) ,  the viscdsity was taken immediately. Pot life is, of course, shortened by increased tempera- 
hue, but in production operations using a dispenser, this is not a problam. :;"- 

below. Resin and catalyst were heated, to the indicated temperature and mixed (100 Parts by 3 eight Stycast 285lMM 

- rcIhLJ lo; I, - 
, , . I:!::*,, , p -  - Viscosity *, ,yi,>,:-a -,&,?!,a Approx. -t 

Brookfiold Pot Lit. (loo parts Stycast 2651MM 

4 hours 
3% houn 

,'.. * * 4500 
2800 

75°F 

, (., d->:.L 1500 ' - . 3 hours 
100'F 

800 * . '  26 houn 
125'F 
150'F 
170'F 600 I 2 houn 
200'F 8 400 U hour 
225'F 150 % hour 
SO'F below 100 % hour 

i ,- I Temperaturn 

. c  a p . ~ r  C d y 8 1  11) C.n t i p o i rn at Temporetum 

1 ,.. - . I  

9 -  

. .  8 

' 0  
Stycast 2651MM can, of course, be used with Catalyst 9 (see room tern erature cure below). A decrease in vis- 

cosity is obtainable with increased temperature. In this case, pot life is SO Edited that automatic dirperrring equip 

Aoperties.of Stycast 2651MM cured with Catalyst 11 are as follows: 
meat is a necessity. ,K#fl 

7000 

12,000 
0.2 

4 x 1018 

0.01 
' t o  1010 ' e  ,. . . 1. : s.. below 0.02 

Excellent ' 

.: *: Tensile Strength, psi 

Izod Impact ( t. Win. of notch) 

. .  .. ' . . :T Compressive Strength, psi 

1 ,  * ; ; , . .  . .* 

:?: 1, \ y , r j l i  i > p y J i t c  !: 14,000 * i n  ~+.-c**-*r*'* &,. . <<,,. p:;;.G.:,;--; 

Flexural Sben fh, psi 
. .  . . ... _.. . % . _ .  

Thermal Expansion Coefficient per *C: j *  :? w;;!c~ia in 4:: !Xi x IO*'.:.\;riil nwmi;*3y r'v!:.I;c 

Volume Resistivity (ohm-cm) Z ' C  . .  150'C ;; :,. <.2;,;; ,!:>,+ ,, ;, 7 x 101% . ;I' c(.-; ,. v!. . ' 

Dielectric Constant, to 1010 cps . 7 : ~ :  : 1;;. 4.2 
Dissipation Factor, to 1@ cps 

Machinability . .  

. .  ;.:,;. Water Absorption (7 days at 25°C) ' 0.15% 
. .  

. 1  

Dielectric Strength (Volts/m~lOO mil wnple) ' ' ' .  440 
.. I 

INSTRUCTIONS FOR CURING 

erature. 
. Elevated temperature cure-Cure with Catalyst 11 will produce the ultimate in strength properties at high t emp 

1. Mix the resin in the shiming container until it is uniform in texture. This will nonually require 25 minuta in 1 or 5 gallon 

/ 

I 

_ _  - - 
containers. 

2. Use 8% Catalyst 11 by weight on the basis of the amount of Stycast 2851MM required. Mix thoroughly. The c~talyred resin 
has at  least 4 hours pot life. 

3. Pour. Use vacuum evacuation only if required. Normally, this will not be the case. Mold Rclsase 122s L USURUY adequata 
4. Cure for 2 hours at 210-220'F for castings below 200 grams. Otherwise, cure for 8 houri at 180-170'F. Cortiagr m y  be 

gelled in 24 hours at room temperature and rhould be cured for OW hour at 210'F. 

1. Mix the resin in the shipping contiliner until it is uniform in texture. "him d l  nom~b requirs 2-6 minutes tr 1 01 5 gnuon 
containers. 

2. Add 6-7s by weight Catalyst 8 and sttr thoroughly. Pot life b about % hour. Kbsp atdpt 8 away fmm mbct dtb rb8 
3. Pour. Use vacuum evacuation only if necessary. 
4. Allow to stand at room temperature for 8 houn. (Catalyst 11 CM be urcd far tamparm SOO .bo*..) Tbr 

casting can be removed horn the mold when hard. Tbb will occu within 1 baur. 
6. A ond hour cure at 160.170'F immediately after pourin0 d .b annpbto tbe am with GtJgld 0. 

ROOM TEMPERATURE CURE * 

, *  ' 

I 

. .  

4 

-. 



I Date 22 J u n e  1967 Cleveland Operations 

I 2.l.3.1 Plckoff Transformer Specifications 

- Report 60007 098 

I SPEC. PARAMETER 

1. Primary Inductance 
2. 
3. Primary Distributed 

Q a t  180 KC (Pr l )  

Capaci t P  

Included I n  report  #8 covering March 
1967, was a s e o t i o n  on Bridge Trans- 
former tes t ing.  A sample s e t  of 
transformer specif icat ions have been 
drawn up to  oover the before and 
a f t e r  pot t ing charac te r i s t ics  of the 
transformer. They are as follows: 

I I 1  

I 
i i  

I 

TABLE I1 

BEFORE POTTING AFTER POTTING 
11 - 13 mh 11 - 13 mh 

L 712.0 >10*0 
(30.0 pf <35.0 Pf 

ZI 

(a)_-With primary sh ie ld  ' 

(b) With primary shield 
t o  Lead A (30.0 pf 

to  Lead B , <30.0 pf 
4 . Secondary Inductance 2.5 - 3.5 mh 
5. Secondary D i s t r i b u t e d  

Capacitance c75.0 Pf 
6. Q a t  180 KC (sec)  712.0 

, 
NOTE: Capacitance difference 

between 3a and 3b must be 
less than 3.0 pf. 

. % 

(3 .0  pf 

(35.0 

c35.0 
2.5 - 3.5 mh 

<80.0 p f  
> 10.0 

, < 3.O.pf 



I .  e 
Model 

Dote -June. 
33 EELL AEROSYSTEMS COMPANI 

o i v i a I o n  o v  m a L L  a a n o s - h c a  c o e r o i i i i o n  Page 

Cleveland Operations Report 60007-028 

... 

. / --- t-" \ 

@- 
@- 

I I 
I 1 

1 I 
I I 

- t 7 - - '  
TRANSFORMER. 

Part #26-01523-1 

TAPED TRANSFORMER 
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SELL AEROSYSTEMS 
A COMPANY 

2.1& ' Pre-Amplif i& Bridge Characterletlcs (Bonnet Characteristics) 

A n y  briduo ai.roui%, w$+h a VoltaRe l ~ o u m o  ab $*e inmrb 

t'enninala and the  output terminals open circuited, can 

be represented by a Thevenin's voltage source and a 

series impedance or  ~ortonts current generator and a .* 

shunt impedanceo 

Xf the admittances of t h e  bridge yl, y29 y3, and yb a re  

as the figure indicates, the  Thevenln*s voltage source equalst 

* 

' .  
c. 

< 

. 
+ r 

I 

The series impedance: 
---_ . 

- - 

. z  s y/ + Yz + Y3 + Y4 

(Y,+Y3)(Y* +Y') (2) 

The equivalent current generator ' - 

t 

In determining t h e  equivalent c i rcu i t  f o r  t he  pendulum 

bridge the  following assumptions have been made: 

(a) The deflection angle8 a m  small wmpamd t o  the  6 

m i l s  spacing, thus, surface8 of the  pendulum capacitor8 

are regarded a5 being always parallel ,  

The stray capacitances between the-pendulum and the  

case, ale0 frlnglng capacity are independent of t h e  

(b) 
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def leclilon angle. 

The 8um of fixed bridge capacitor and. s t r a y  capaci- 

tancee l a  15 mmf. This assumpt&on w i l l  be oheeked 

(e )  
. *  

by lab, experbent. 
0 . Tke current generator equals: 

7 

-.e I 

b r  - 'Resonnant angular frequency 

czl = Pendulum capacitance a t  zero deflection 

c - Fixed bridge capacitor - Stray capacitance between pendulum and ground 

e Ratio of pendulum deflection t o  t o t a l  8paoIng 

The shunt impedanca eqUl8: 

2.4.1 The aystom ccmaiuta of: 

* a) Norton's equivalent of t h e  bridge c i r cu i t  

.. e:, b) Equivalent c i r cu i t  of the tranaformar 

-2.. ._; IC)' Common collector preamplifier (emitter follower) 

1 
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Due t o  the t ransis tor  gain tolerance and the  

lead tolerance, the input impedance d o of the  ' 

preamplifier i s  within the range 

. .  BO - QeWL 
a'cB * 

- 4  
? 

The equivalent c i rcu i t  o f  the system: 

cs - Capaaiter of the current source 

CT - Sum of secondary side stray and tuning capacitor8 

, reflected t o  the primary s ide and s t r a y  capaci- - 
t a m e  of the  primary side, 

'pc = Equivalent resistance of core lOS8e8 

L Transformer primaxy inductance 

RL - Lead roaistance equal t o  parallel combination 

Of Z ~ J  bias resistance Rb 33ak and I$ 

LL = Turn8 ra t io  of t h e  transfortmr 
I 

For the  tuned c i rcu i t  J t he  system gain equals: 

The. terma appearing hare have been defined en 

previous pages. 

In  t h e  vioini ty  of zero pendulum defleatlon where 

ez << I '  
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the gain expression can be simplified t o  the  following 

' d  

. *  

I' 
4 '  
9 

"51 

term: 

(6a 1 
& .dC, CL Qr 

a(ct CO+G) 
A =  

The output impedance of the system at resonance 

equals the t o t a l  resonant impedance of the trans- 

formar reXlected t o  the secoldary side of the 

transformer. 

the emitter follower, t h e  impedanco becomesr . 

Viewed from the output terminals of 

Rr = Paral le l  combination of Q and a2% 

2,L6 Electr ical  Torquing Scheme (Null B b s )  

Normally some pmvision must be made t o  e l ec t r i ca l ly  

correct the accelerometer unbalance caused by small 

unbalance conditions i n  the sensi t ive bridge c i rcu i t ,  

This can be readily accomplished i n  more than one way. 

One method is  by making a capacitance correction in tho 

sensit ive bridge c i r cu i to  

impractical because any adjustment i n  the c r l t i c a l  bridge 

c i r c u i t  also introduces d r a y  capacitances whose perfor- 

mance is extremely d i f f i cu l t  t o  predict, 

However, t h i s  becomes veqr 
I 

A second method 

which can be used is when t h e  pickoff tramformer I s  tuned 

t o  resonanceo When operating a t  resonance, the output 
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(0 * 
N I 

n * 
0 
n 

voltage a t  the secondarg of the transformer l a  shif ted 

90’ from the bridge excitation signal, 

stgnal t o  be fed via a capacitor, which also is shifted 

This allcnra a 
4 

90’ from the bridge excitation s i g ~ l ,  into the 

spcondaxy, (See Figure lord) This I s  a more desirable.’ 
. &  

&y of e lec t r i ca l ly  torquing, 
- ,  

The design, as it exists today, docs not specif ical ly  

define the  e l ec t r i ca l  torqufig echeme, It afiloua for 

e i the r  a single variable capacitor fram bridge excita- 

. 

t i on  high t o  the  high aide of t h e  secondary of the pick- 

off t r a n s f o m r ,  a variable capacitor acmss e i the r  of 

the f b e d  bridge capacitors o r  a variable’ different i81 

capacitor across both fixed capacitors minur torques 

without any unbalance i n  the  bridge circui t .  With the . 
single ended variable capacitor, a fixed unbalamo must 

be placed I n  the bridge c i r cu i t  I n  brder t o  correct both 

Flu8 a d  idnu8 ~QP~UCI.. 

I 

Figum 15E i l l u s t r a t e s  the single ended varlable capacl- 

t o r  design and can be explained in the following manmrt 

,, Condition: 

1) Asmme voltage out of the  preamplifier due t o  torquing . 

capacitor is as indicated VTc/9V. 

Asmme a t  pendulum equilibrium the voltage (error  signal)  

out of the bridge c i r c u i t  I s  Vg/’90’ and has the  clam 

magnitude a8 VTC.O’. The resul tant  voltage &t t he  

2) 
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bonnet output therefore i s  VTc/+900 + VB /-90' or 

zero voltso 
4 

. -  
Assume a t  pendulum equilibirium the bonnet output I s  . 

zer@ (NOTES a t  pendulum equilibrium the bottom half ' 

' ca9acitiea i n  the capacitance bridge are equal). 

Assume the pendulum swings i n  a + # direction.$ This 

in- turn causes Vp (+$) t o  increase i n  magnitude, or  

f o r  purpose of discussion, say it goes i n  t h e  sam 

direct ion 'as  the original cancelling Vg. Now the  output 

Thus, it can be seen that e l ec t r i ca l ly  torquing can be 

acoomplished sa t i s fac tor i ly  by the s ingle  ended method. 

The drawback, of course, is tha t  the upper half of the 

bridge must be unbalanced 'so t h a t  an e r r o r  signal I s  

obtained which is equal and opposite i n  mamitude and 

phase t o  t h a t  pmduced by the torquing capacitoro 

is necessary i n  order t o  obtain zero output out of tho 

accelerometer when the pendulum is i n  i ts  equilibrium 

. 

This  

position. 

select ing fixed bridge capacitors i n  the upper half of 

the  bridge which a m  of different  value. 

This is  eas i ly  accomplished, however, by 
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'desigh: and the single ended variable capacitor feeding 

. tHe high side of the pickoff tranaformer secondary 1311 

agreed upono 

<', , . ,  . . .  
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2.1.7 Parameter Adjustments 

2,1,7.1 - Gain (Band Width) 
d 

. *  The gain of t he  Dreamnlifier will he adjusted 

while on the accelerometer t o  obtain a nickoff 

sensi t ivi ty  of 40 milli-volts +,S milli-voUs/ 
. *  * *  

' ?  milli-radian. This  adjustment is made by select-  
_** 

ing a fixed value res i s tor  which shunts I the  

. ' secondary of the bridge pickoff transformer, 

R2; on Figure 16E. c 

n 

':.2.1.7,2 Phase Angle 
, 

. The phase of the putput signal is adjusted while 

the bonnet i s  on an accelerometer simulator. The 

signal a t  the output of the preamplifier must be 

. 
90' f loo 'out of phase w i t h  the bridge exci ta t ion 

signal. 

of a fixed capacitor which is physically located 

This adjustment is made via the selection 

across the secondary of t h e  pickoff transfonner, 

C3 Figure l6E: 
I. 

2.1,7,3 Quadrature 
* ,  

I The quadrature component of the output signal is 

adjusted while the bonnet is on an accelerometer 

. simulator;. This is  done by selecting a fixed 

res i s tor  i n  the bridge c i rcu i t ,  R 1 9  on Figure 163. 

After t h i s  adjustment i s  made, it is rechecked along 

~ 

* 

with the phase angle on an accelerometer. 

necessary t o  reselect  a new. r e s i s to r  value w h i l e  on 
the ac celeromete r 

It mav be 
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in order ' t o  minimize quadrature, 

Output Impedance 

The output impedance need not be adjusted unless 

the  Beta of the o u t p t  t rans is tor  falls  below . 
specification* Should the  output impedance f o r  

some reason be too high, the output t rans is tor  

could be replaced. 

necessarg i n  that the  design allows fo r  t he  mini- 

hum Beta spread on the'2N930 t ransis tor ,  such * 

However, t h i s  should not be 

that the output impedance w i l l  always be l e e s  

than 500 ohms, Q on Figure l6E. 

Input Impedance 

This is basically a fixed pammeter. It is  

dependent on the  capacity which exists between 

primary and secondary ohields of the pickoff 

transformer, T h i s  is  checked w h i l e  the tram- 

former is external of  the bonnet aesembly. 

input impedance w i l l  be 9.0 K ohms or  greater. 

The 

I 

L 

I 
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Packaging 

The packaging of the bonnet is patterned amund the 

conventional cord woo& construction, The design 

consists of tb mechanical and e l e c t r i c a l  parts  

l i s t e d  i n  Table IV and Table .! V, Figures 1 7 ~  and 

18E i l l u s t r a t e  the c i rcu i t  board dealgn. F i b  1 9 ~  

shows a typ ica l  bonnet construction,, 

The c i r c u i t  boards a r e  of plated through hole construe- 

tion, and redundancy is used wherever possible on the 

c i rcu i t ry  layout, T h i s  is, c i rcu i t ry  is  carr ied on 

both sides of the board, except i n  areas where i t  was 

necessary t o  cross c i r c u i t  patterns. * 

The volume i n  which the  bonnet must fit i s  limited, 

T h i s  type of construction was decided upon because It ' . 

provides high density packaging, This b a d e  construc- 

t i o n  and packaging concept has been u t i l i aed  succeo8- 

f u l l y  by Bell AeroGstems Company i n  many other accel- 

erometer designs. . 
The, packaging technique meets the specification as 

writ ten in MSFC STD 154, amenbd April 29, '1964, 
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.' 
- 4  

NAME . - . 
1, Cover Top Assembly 

2, Hexo SOC, Set Screw 

3, Washer Insulator 

4, Upper Board 

5 ,  Washer Insulator 

6, Bracket 

7, Washer 

8. Hex Nut 

9. Screw 

10, Washer 

11, Washer 

12, Lower Board 

U. Washer 

TABLE IV 

MECHANICAL PARTS 

. 
I 

b 

* 

PART N E R  

26-01028-3 

26-00560 -3 

26&023-AR 
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Discrete Component Selection (Refer t o  Schemat b Drawing, Figure 

. .  

* I .  

' .  . 

. 

CaDaci t ors 
L 

Cl, C2 - Fixed BridKe Capacitor8 

Because these two capacitors consti tute one 

half of the  sensi t ive capacitance bridge, . these 
. 

capacitors mst be extremely stable devices,, 

They must have low dissipation factors and 

must have good t enperature characteriatic8. 

The type of capacitor selected is Corning Glass 

CYFR per Specification J951 Inspection l eve l  B, 

This is  a glass capacitor of fused monolithie 

construction of proven glass d ie l ec t r i c  and 

conductive eknents .  

is provided on the ends of the unit  t o  prnvl.de 

A glass t o  metal s e a l  

complete envimnmental Drotection t o  the  element 

and t o  the wire lead connection. 

The temperature coefficient is 1hO f 25  PPM$'C, 

A t  100 KC, temperature coefficient varies with 

temperatures from +US PPM,PC a t  - 5 s ' ~  t o  

+165 PPM/'C a t  +125"C0 

T.C. w i l l  not vary from the curve by more than 

5 PPM, Capacitance d r i f t  is l e s s  than .l% or 

&f# whichever is greater. 

A t  any given temperatarea, 
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. 

2.1.9.2 

. 

C - Tuning Capacitor 
3 

T h i s  capacitor i s  used t o  tune the primary of 
the p k k o f f  transformer t o  resonance. It must 
be stable,  and the s ize  m u s t  be minimum. Here 
again, the capacitor type i s  Corn1ng.Glasa CYFR 
per Specification 5951 Inspection l i v e 1  B. 

Both of the aforementioned capacitors a re  1 1 4 ,  

c 

similar t o  those which appear on the JPL . 
Approved Parts L l s t .  

Resistors 

R1, R2, R3, R4, Fixed Resistors 

R 
ing; R1 is a quadrature res i s tor ;  Re, a band- 
width res i s tor .  These resistors are all high 
Re1 type which conform t o  MIL-R-55182A inspec- 
t i on  level  B. They are a l so  Q. P. L. 

and R4 a r e  used primarily f o r  D. C. bias- I 3 

I 

The r e s i s to r  i s  a metal f i l m  type which also 
meets the s p e c i r i z a t l o n  as outlined i n  MIL- 
R-10509D. 'The main reasons f o r  select ing t h i s  
component were that i t  m e t  a31 the c i r c u i t  
requirements, wattage, s tab i l i ty ,  and the 
predicted f a i lu re  r a t e s  a t  a 6O$ confidence 
level.  From a packaging point of view, it 

.. 



d 

. .  

2.1.9.3 

. 

was necessary t o  have a component, which not 
only met the c i r c u i t  requirements, b u t  a l s o  
had the proper physical size.  
dimensional l imi ta t ions  on the r e s i s to r  i n  
order t o  achieve.the high density package. 
The c i rcu i t ,  as packaged, w i l l  not qilow f o r  
a res i s tor  diameter to  exceed .160 inch. These 
dimensional l imi ta t ions  have been met with the  
IRC-XLT Resistor. < 

Capacitor - Variable 
Variable Capacitors Required t o  Elec t r ica l ly  
Torque F i n a l  Accelerometer Assembly; 
T h i s  i s  a capacitor which was spec i f ica l ly  
designed f o r  Bell  Aerosystems Company by 
J. F. D. Electronics, Brooklyn, New York. &11 
has used'similar types i n  past  as well as 
present programs. T h i s  capacitor i s  purchased 
per B e l l  Spec. Control Drawing Number 26-01011-3 
Variable .Capacitor. 

The primary concern w i t h  t h i s  capacitor i s  
s t a b i l i t y  of se t t i ng  and temperature coefficient 
Similar type un i t s  have been qua l i f ied  for  NASA 
.by Col l in s  R h i o  with Intended u s e  on Apollo. 

There a re  

Capacitors o f  this same general type without 
s t e r l l i zab le  requirements are presently being 
used i n  o u r  Model VI1 Program. 

.. 



2.1.9.4 

. 

2 L.9 . 5 . 

. 

2.1.9.6 

5 Decoupling Capacitor C 

The purpose i s  t o  decouple the co l lec tor  o f  
the Unity Gain Pre-Amplifier. 
selected f o r  t h i s  is a Kemet 1.0 u f d  ra ted  
a t  50 VDC (Type KG). 

The capacitor 

Mfg. Part  Designation is: KGLJ5OKMS' 
Similar t o  that-which appears on the JPL 
Approved Parts List, 
Per MIL-C -39003/1 * 

Trans i s  tor 

An NPN 2N930 t r ans i s to r  was selected as the 
Pre-Amp. semiconductor. It was selected 
because of i t s  proven r e l i a b i l i t y  and because 
it appears on the JPL Approved P a r t s  L i s t .  

+ 

MIL P a r t  No, CSR136105KP 

Other t rans is tors  were considered, such as the 
Sol i t ron MHM 1107 and the 2N997, which a re  
high gain low noise darlincton :configurations . 
These have the advantage of  a much lower o u t p u t  
impedance as seen a t  the o u t p u t  o f  the acceler- 
ometer; typ ica l  output impedance would be 
approximately 25 ohm w i t h  a co l lec tor  current 
of  approxiyately 6.0 m a ,  Whereas, the typ ica l  
o u t p u t  impedance with the 2N930 would be 
somewhere l e s s  than 500 ohm, I i , ,  

Resistor Feedback R 330K Ohm 

The r e s i s to r  i s  a molded composition r e s i s t o r .  
procured from Ohmiteor Allen Bradley, 
r e s i s to r  type i s  a RCRO7G which meets and'.ls 
ce r t i f i ed  to  the specif icat ion as outlined I n  

The 

MIL-R-39008 (RCR07, RCR20) . I 
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. 

2.1.9.7 

The basic reason f o r  the select ion of 
the component i s  i t s  small s ize  and Ngh ohmic 
value. I n  order t o  f a c i l i t a t e  the same value 
res i s tor  i n  a metal f l i m  t h e  construction, 
the en t i re  bonnet would have t o  be re-packaged, 
including an increase I n  overal l  heiGht. T h i s  
pa r t  I s  similar t o  the 1/4 watt carbon compos- 
i t i o n  r e s i s to r  found i n  Table I1 (Spacecraft 
preferred components) of the JPL APPROVED PARTS 
LIST . < 

Resistor Bleeder ~6 22.0M Ohm 

The select ion of  t h i s  par t icu lar  type, 
RCRO7 per MIL-€2-39008 (RCRO7, RCR20), w a s  made 
primarily for i t s  small physical s ize  and i t s  
high ohmic value-. 
information of paragraph 2.1.9.6 also applies 
t o  this component. 

The addi t iona l  background 

. .  
I . '  

1 '  , . 
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Only one bonding cycle f o r  the evaluation o f  an adheslve 
i n  the spring-to-support j o in t s  o f  a functional acceleromete 

II) 

Page 69 
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namely f o r  the evaluation of  the Ablecast 147-1 epoxy, was 
completed a t  the end of the seventh monthly reporting period 
The bonding cycle f o r  the evaluation of the Bondmaster 620 
epoxy1 had aborted. According to  the or ig ina l  schedule, . 

thre'e bonding cycles should have been completed by then. 
It was f e l t ,  a t  t h i s  point, that i t  would be helpfu1, to  
issue a revised program schedule c la r i fy ing  how the program 
plan was expected to  develop. T h i s  program schedule was 
issued i n  conjunction w i t h  the monthly technical progress 
report  No, 7 covering February 1967. Early i n  March 1967, 
the program suffered a setback due t o  the f a i lu re  o f  the 
Formex insulated magnet wire i n  accelerometer M-225. T h i s  
f a i lu re  caused a slippage of  about  three weeks i n  the 
schedule established for  the mechanical assembly, 
the program schedule contains prac t ica l ly  no allowances f o r  
contingencies, it is not believed that t h i s  slippage can be 

Since 

recovered. 
. 1  

I n  the  area o f  the electronic assembly a similar f l a t  ' 

statement can not be made. It i s  t rue,  that  the f i n a l  
e lectronic  assemblies were not b u i l t  as scheduled because 
not a l l  of  the pa r t s  were available.  However, one additiona 
functional e lectronic  assembly, bas ica l ly  of Model VI1 
design, was supplied and the already available e lectronic  
assembly was modified t o  improve I ts  chances o f  meeting the 
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temperature s t e r i l i z a t i o n  environment, so t h a t  accelerometer 
tes t ing  was not held up. A l l  discre te  components needed for 
the tauikifn$ sf the f i n a l  eleebrernle aseern81Pee were either 
available o r  on order a t  the end of the present quarter ly  
reporting period; delfvery, where applicable, was.promised 
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